This work examined phenotypic expressions in the anatomy of the mandible and maxillofacial region of the Red Sokoto and Sahel goats in Nigeria. The infraorbital foramen was placed above premolar two (PM2) in Red Sokoto but above premolar one (PM1) in Sahel. The Red Sokoto displayed interdigital septa (ruggae) which entered into mediolateral depressions of the opposing mandible but this was less prominent in the Sahel. Dental abnormalities were more pronounced in the Red Sokoto on the maxilla and mandibular rows. The facial and mandibular tuberosities were more prominent in the Red Sokoto goat and found to be more conspicuous in this breed with dental abnormalities. There was no significant difference between Calcium and Phosphorus in the craniofacial bones of goats with dental abnormalities compared to those without dental abnormalities in both breeds and in conclusion we thus suggest that the harsh environmental conditions of arid North West may be a greater predisposing factor for the negative dental profile of the Red Sokoto breed.
INTRODUCTION
Regional anatomy is directly concerned with the form and relationship of all the organs present in particular parts or regions of the body and has immediate application to clinical works (Dyce et al., 2002) . It's been reported that unique craniofacial aspects of the anatomy of any animal could serve as indices for the morphophysiological interpretation of the biokinetics and biomechanics of mastication (Terai et al., 1998 , Olopade, 2006 , and the evaluation of the effect of the interaction of the environment and the animal on the skull typology (Endo et al., 2002) .
There are few reports on the dental profile of ruminants in Nigeria. Kene and Agbo (1998) and Kene and Uwagie-Ero, (2001) reported that dental caries, teeth fracture, impacted molars, oligodontia and supernumerary teeth amongst others were seen either in cattle or goats in Nigeria.
In continuation of our work on the craniomorphometry of small ruminant breeds in Nigeria (Olopade and Onwuka, 2005a; 2007; Shawulu et al., 2008) we report on phenotypic expressions in the maxillofacial and mandibular regions of the Red Sokoto and Sahel breeds of goat, the implications of dental abnormalities and the possible role of Calcium/Phosphorus profile of the craniofacial bones.
MATERIALS AND METHODS
A total of 54 goats were used for this study comprising of 30 (21 males, 9 females) Red Sokoto, and 24 (15 males, 9 females) Sahel goats. The animals were obtained from their local habitations in the north western and north eastern parts of Nigeria respectively. All animals were aged by dental eruptions, restrained and slaughtered through quick decapitation and rapid bleeding thereafter the skulls were macerated following the techniques of Onar (1999) , Olopade and Onwuka (2005b) . Landmarks in the maxillofacial and mandibular regions including dental profiles were studied in each skull and recorded while photographs were taken using a Sony® digital camera.
Sample bones from adult Red Sokoto and Sahel goats were taken from parietal bones and mandibles, washed in deionised water and then dried before being digested in trioxontrate V acid (HN0 3 ); the elemental content of Calcium, Phosphorus were determined using the atomic absorptive spectrophotometer (AAS) while the Calcium/Phosphorus level was calculated. Data was subjected to statistical analysis presented as Mean ±SD and compared using the student 't" test of 5% level of confidence.
RESULT
The infraorbital foramen was placed more above premolar two in the adult Red Sokoto but more towards premolar one in the Sahel goats. The foramen was in most cases a single foramen but in about 20% and 30% of Red Sokoto and Sahel goats respectively, a tiny bony perforations could be seen rostral to the double opening of the infraorbital foramen. Also in both breeds, the maxilla had a short communication dorsally into the nasal bone ( Fig. 1) .
A tiny foramen in both breeds were seen in many cases ventral to the root of the first premolar tooth and was also seen though less frequently in the inter alveoli space. A double opening of the mental foramen (close to each other) was seen in 15% of Red Sokoto and 30% of Sahel skulls. The mental foramina in the Red Sokoto were exceptionally large and in most cases elongated but were complete spheres in the Sahel. In both breeds, asymmetry in the morphology of the mental foramen was seen; for example, while it was double and closely knit on the left, it could be a large single foramen on the right and if double, could be far from each other on the interalveolar space.
The median surface of the mandibular symphysis displayed large interdigitating septa (ruggae) in the adult Red Sokoto (Fig. 2 ) that entered into large mediolateral depressions of the opposing mandible; these ruggae were less prominent in the Sahel. The facial tuberosities were more prominent in the Red Sokoto compared to the Sahel (those of the Red Sokoto were situated dorsal to the fourth or fifth cheek tooth, while that of Sahel was between the third and fourth cheek tooth); both facial and mandibular tuberosities were however more prominent in Sokoto goats with dental abnormalities (Fig 3 and 4) and are seen as a conspicuous facial tuberosities with the pointed extremity close to the root of the alveolus. Dental abnormalities were rarely seen in the Sahel skull but observed in the Red Sokoto breed. The pathologies observed included marked attrition of the occlusal surfaces, dental calculus, missing teeth, tooth fractures and sharp enamel points.
The level of Calcium and Phosphorus in the macerated skull of the Red Sokoto was higher than that found in the Sahel but the Ca/P ratio though similar tended more to the ideal 2:1 in the Sahel. There was no significant difference between the Ca, P, and Ca/P ratio of both breeds between animals with dental abnormalities and those without. Fig.3 (left) , there is attrition of occlusal surface and deposition of calculi. Fig.4 (right) shows a disproportionate wearing and deposition of calculi
DISCUSSION
The infraorbital foramen was generally placed between premolars one and two, but like in the sheep (May, 1963) , it was more of premolar two in adult Red Sokoto goats. The occurrence of accessory infraorbital foramen had been reported in man (Canan et al., 1991; Elias et al., 2004) . The foramen in this study was in most cases simple and when it was double, it was just the presence of a tiny plate dividing the foramen opening into two as reported also in man (Elias et al., 2004) . More work is needed to ascertain if this affects the morphology and functional anatomy of the infraorbital nerve in the goat. The position of the infraorbital foramen, relative to the premolar tooth is crucial to a successful regional anesthesia during dental extraction (Hall, 1971; Olopade and Onwuka, 2005a) .
Dorsal to the opening of the infraorbital foramen in both breeds is the presence of tiny bony perforations which created a cribriform appearance similar to that reported in sheep (May, 1963) . Dorsally, the maxillae have a short communications with the nasal bones, the incisive and lacrimal bones whereas in the sheep, the incisivo-naso-maxillary communition does not exist (Popesco, 1975) .
The double openings seen in the alveolar space of some mandibles in both breeds suggest the occurrence of accessory mental nerve from the smaller foramen. The accessory mental foramen has been noticed in man (Toh et al., 1992; Hannihara and Ishide, 2001) . This occurrence is clinically important because accessory foramen in the mandible have been known to transmit branches of nerves supplying the roots of the facial nerve and nerve block techniques by local anaesthetics might fail if any of these nerves or their branches pass through these accessory foramen escaping the nerve block. The presence of such foramina might also be an alternate route for tumor spread (Das and Suri, 2004) .
According to Lieberman and Crompton (2000) , animals that have unfused mandibles like the goat not only have a ratio of working to balancing side adductor muscle force of 1:1 but they also have their mandibles rotate independently during occlusion. Such independent rotatory movement is expected to be pronounced in the goat where the two halves of the mandible never fuse completely at the symphysis even in old animals (Olopade, 2006) . The presence of an extremely rough symphyseal surface and marked reciprocal projections (ruggaes) and cavities in the Red Sokoto in comparison to the Sahel could be an adaptational feature to hold the symphyseal joint in the former which may not only be very loose but subject to more pronounced independent rotatory movements.
The dental abnormalities observed in this study were similar to those observed in goat and cattle in Nigeria (Kene and Agbo, 1998; Kene and Uwagie-Ero 2001) . The relative lack of dental abnormalities in the Sahel (North East Nigeria) and predominance of the same in the Red Sokoto (North-West Nigeria) follow the same pattern seen in cattle breeds from both locations (Kene and Uwagie-Ero, 2001) where dental abnormalities were more in cattle from the north western region. This is most likely the result of browsing of tough dry matter due to scarcity of fresh vegetation which is most serious in the north western part of Nigeria (Kene and Uwagie-Ero, 2001) . Individually, an analysis of the Calcium, Phosphorus and Ca/P ratio did not reveal a reduced content of the minerals in the Red Sokoto breed indicating that the occurrence of dental abnormalities may not be primarily from reduced mineralisation of the craniofacial bones. However, the presence of prominent tuberosities in the maxillae and mandible, in Red Sokoto goats with dental abnormalities suggest a continuous and sustained mechanical strain of the skull due to increased activity of the masticatory muscles by the affected animals in an effort to ensure proper mastication despite the abnormalities; this may lead to a progressive worsening of the dental profile and ultimately affect the productivity of the animals through dysphagia. On the other hand, the prominence of the mandibular and maxillae tuberosities in the Red Sokoto breed compared to Sahel goats in the absence of dental abnormalities may be an adaptational response to physiologic masticatory strain on the skull and could be a prelude to dental abnormalities. DAS, S and SURI, R.K. (2004) 
